A unique amidoanthraquinone derivative displays antiproliferative activity against human hormone-refractory metastatic prostate cancers through activation of LKB1-AMPK-mTOR signaling pathway.
Hormone-refractory metastatic prostate cancer (HRMPC), which is metastatic and resistant to hormone therapy, is an intractable problem in clinical treatment. Anthraquinone-based natural products and synthetic compounds have shown anticancer activity. However, cardiac toxicity is a major adverse reaction in these compounds. CC-36, a unique anthraquinone derivative, displayed higher antiproliferative activity in HRMPC than that in H9c2 cardiomyoblasts and normal prostate cells with the selectivity of five and twelve times, respectively. CC-36 caused G1 arrest of the cell cycle associated with an upregulation of p21 and downregulated levels of cyclin D1 and cyclin E expressions. Immunoprecipitation assay and Western blotting analysis showed that CC-36 triggered an increase of TSC1/TSC2 association and suppressed the phosphorylation of mammalian target of rapamycin (mTOR) (Ser2448) and p70 ribosomal protein S6 kinase (p70S6K) (Thr389), indicating the inhibition of both kinases' activities. CC-36 induced liver kinase B1 (LKB1) phosphorylation at Thr189, leading to LKB1 translocation from nucleus to cytosol for AMPKα phosphorylation (Thr172) and the kinase activation. The signaling pathway was validated using small interfering RNA (siRNA) technique with LKB1 knockdown. The combination treatment of MK2206 (a specific Akt inhibitor) with CC-36 showed a synergistic apoptosis in PC-3 cells indicating a potential combination strategy for LKB1 activators. Taken together, the data suggest that CC-36 displays anti-HRMPC activity through the activation of LKB1-AMPK pathway, leading to an inhibition of mTOR signaling and the induction of G1 arrest of the cell cycle. The combination use of Akt inhibitors with agents acting through LKB1-AMPK-mTOR pathway is a potential strategy for HRMPC treatment.